Introduction
Within the large genus Stevia, many species are known to have both sexual and agamospermous forms. In Mexico, agamospermy accompanied by polyploidy seems to be a fairly common mode of reproduction among the perennial herbaceous species of Stevia (Grashoff 1972 (Grashoff , 1974 Turner 1997) . Stevia ovata Willd. is one of the most widely distributed species of this genus in North and Central America, ranging from Texas southward to Ecuador. According to Grashoff (1972) , sexual forms of S. ovata are isolated and scattered throughout Mexico; therefore, it is suitable material to examine the distribution of a sexualagamospermous complex in relation to sexuality and historical changes in a distributional pattern. This species shows wide morphological variation, and intermediate forms with other species are sometimes found. Among such morphologically related species, Stevia nepetifolia H.B.K., Stevia oligophylla Soejima & Yahara, Stevia origanoides H.B.K., and Stevia triflora DC. all have relatively large distribution areas that overlap that of S. ovata. Stevia origanoides and S. triflora are also known to be sexual-agamospermous species (Grashoff 1972 ).
There have been many studies on the distributional pattern of sexual-agamospermous complexes: Antennaria (Bayer & Stebbins 1983) , Boehmeria (Yahara 1986) , Crepis (Babcock & Stebbins 1938) , Eupatorium (Watanabe 1986; Kawahara et al. 1989) , European blackberries (Gustafsson 1943) , and Taraxacum (den Nijs & Menken 1996) . Most of these studies were carried out on plants in North America and Europe, where the vegetation of the present temperate regions has been largely influenced by climatic cooling and/or glaciation during the last glacial period. The dis-tributional patterns of sexual-agamospermous complexes have been interpreted based on past distributions of glaciated-unglaciated areas and the north to south migrations of flora during the glacial and interglacial periods. Agamospermous forms tend to occur in glaciated areas, and sexual forms are commonly restricted to a few small areas around unglaciated refuges at higher latitudes (Bierzychudek 1985 (Bierzychudek , 1987 den Nijs & Menken 1996) . However, there are few studies on sexual and agamospermous conspecific populations in lower latitudes. Mexico, located between the latitudes 14°32¢45≤ N and 32°43¢5≤ N, served as one of the major refuges for flora in North America during the last glacial period (Martin & Harrell 1957) . Although little is known about the flora of Mexico during the last ice age (Rzedowski 1981) , the influence of glaciers is considered to have been significant only above an altitude of 3300 m (Tamayo 1995) . Stevia in Mexico currently occur from altitudes approximately 1000 to 3000 m; thus, the distributional patterns of sexualagamospermous complexes in this genus could differ from complexes in the higher latitudes.
To elucidate the distributional pattern of this sexualagamospermous complex in the lower latitudes of Mexico, we examined the chromosome number and the morphological variation of leaves of five species in Mexico: S. nepetifolia, S. oligophylla, S. origanoides, S. ovata and S. triflora.
Materials and methods
Plants collected in Mexico and the USA (in Texas) were cultivated in Osaka, Japan. Cytological observations were made on mitotic root tip cells. Root tips were collected and kept in ice water for 24 h, and fixed in ethanol : acetic acid (3 : 1) for at least 15 min. Maceration and staining were carried out simultaneously in 1% aceto-orcein : 1N HCl (9 : 1) at room temperature for more than 12 h before squashing. Voucher specimens are deposited in MEXU and KYO.
Results

Chromosome number and distribution
The chromosome numbers of 198 accessions were determined (see Appendix I). The observed chromosome numbers were 2n = 22, 23, 24, 25, 26, 33, 34, 35, 36, 44, 45, 46, 47, 48, 55, 60 and 66. Watanabe et al. (2001) reported the frequent occurrences of B chromosomes in Stevia, and found a maximum of eight B chromosomes in one cell. The B chromosomes of Stevia are usually smaller and show more dense condensation than autosomes at prometaphase. However, it is often difficult to distinguish B chromosomes from autosomes, and a chromosome is referred to as 'B' in this paper only when the two classes were distinctly recognized. According to Watanabe et al. (2001) , the basic chromosome number is x = 11 and 12 in perennial Stevia. Thus, plants with 2n = 22, 23, 24, 25 We found polyploid series in each of the five species studied. Grashoff (1972) reported no sexual plants in S. nepetifolia based on pollen observation. However, five diploids were found during the present study in the states of Guerrero and Oaxaca.
The distribution of diploids and polyploids for each species are shown in Fig. 1 . Triploids were the predominant forms and were abundant in each of the five species studied. In S. nepetifolia, S. oligophylla, S. ovata and S. triflora, diploids occurred in various restricted areas mainly in the mountain regions on the south-western Pacific side of Mexico. Some diploid S. ovata were also found in the central mountains (Mexico D. F.) and in Sierra Madre del Oriental in Nuevo Leon, the north-eastern part of Mexico. Diploids of S. origanoides occurred more frequently throughout a relatively wide range in the mountains along the Pacific coast.
The distributional ranges of the five species overlap considerably with each other, and some of the species were sympatric. Moreover, conspecific plants of different ploidy levels sometimes occurred within a given population (see Appendix I).
Morphological variation
Each of the species studied showed a range of variation in morphology and plant size. Plant size did not seem to be correlated with ploidy level; diploids were not always smaller than their polyploid relatives. The range of morphological variation differed from species to species. Most plants could be identified as one of the five species. However, occasional plants showed morphologically interspecific or extraordinary forms, and were omitted from this study.
Stevia nepetifolia
The five diploids of S. nepetifolia had relatively small, elliptic to rhombic and densely white-haired leaves (Fig. 2) . However, hair density and leaf size varied continuously among polyploid individuals (Fig. 2) . Some plants of this species, with lower hair density and larger leaves, appear to be similar to S. ovata, although we could distinguish between the two species in most cases.
Stevia oligophylla
This is a newly recognized species that is easily distinguishable as it has fewer and thicker leaves than other
(c) species of Stevia . We found only one diploid that was morphologically indistinguishable from the polyploids (Fig. 3) .
Stevia origanoides. Sixteen diploids out of 58 S. origanoides
plants examined occurred widely from Chihuahua to Oaxaca (Fig. 1c) . The plants of this species are profusely branched and have rather small clusters of heads, but the size and the shape of the leaves are variable. Based on the leaf characters, we could operationally recognize four morphological groups among the diploids, although the morphological variations between them were continuous. These variations were designated as origa-1 to origa-4 (Figs 4 & 5); origa-1 had elliptic leaves with cuneate bases, origa-2 had linear lanceolate leaves, origa-3 had ovate to elliptic leaves with somewhat truncate bases, and origa-4 had larger linear lanceolate leaves and few branches. Most of the triploids and tetraploids were categorized as belonging to origa-1 or origa-2, respectively.
Stevia ovata. This species was characterized by relatively large, elliptic to rhombic and nearly glabrous leaves. Six out of the 79 S. ovata plants examined were diploids and were collected from three localities (Fig. 1d) . The diploids were rather uniform in leaf shape and branching pattern. One of the diploid populations was identified to be Stevia ovata var. expansa because it had lax inflorescences, but the population was adjacent to a diploid population of the typical variety; var. expansa was found at 1480 m, while var. ovata was found at 1780 m within the same locality (Appendix I). Triploids were the most abundant forms and had the widest geographic distributional ranges. The leaf shape and size of triploids varied continuously, and it was impossible to separate them into morphological groups (Fig. 6 ). Tetraploids, pentaploids, and hexaploids were less frequent, and their morphological variation ranges seemed to be narrower than that of the triploids. Polyploids of S. ovata tended to be larger in terms of plant size, but the morphological features, such as leaf shape and hair density, were not very different from those of the diploids.
Stevia triflora. This species resembled S. ovata, but differed in terms of having obviously yellowish hair on the stems and leaves. Three diploids, eight triploids and five tetraploids were found in the present study. Three diploids were collected from a single locality (Fig. 1e ). Diploids and polyploids were morphologically indistinguishable ( Fig. 7) . Figure 8 shows the relationship between the altitude and latitude of collection localities and the ploidy levels of plants for all species examined. No particular relationships between these attributes could be found.
Discussion
Both diploids and polyploids were found in each of the five species studied. Sexual diploids of S. ovata and related species mainly occur along the mountain ranges of the south-western Pacific side of Mexico, in the localities such as Sierra Madre del Sur and Sierra Madre del Occidental (Fig. 1) . However, S. ovata and related species are not restricted to a single area, but also occur in the central high mountain region (Trans-Mexican Volcanic Belt) and north-eastern mountains (Sierra Madre del Oriental). The diploid populations are scattered, and there are no particular relationships between ploidy level and altitude (Fig. 8) . The whole distributional area of these species roughly corresponds to the region of Central American Montane Flora, which is under a temperate and subhumid climate (Rzedowski 1981) (Fig. 9 ). This floristic region consists mainly of pine-oak forest, and is one of the richest regions for biological diversity and endemism in Mexico (Graham 1993; Rzedowski 1993 ).
The distributional range of agamospermous polyploids is generally larger than that of ancestral diploids in the higher latitudes of Northern Hemisphere. This is thought to be due to the ability of agamospermous polyploids to migrate rapidly into glaciated areas where temperate vegetation was cleared off or replaced with boreal vegetation in the last glacial period. Based on the fossil records, Soreng & Devender (1989) presented good evidence that the agamospermous races of Poa fendleriana migrated northward during the latest Wisconsin Glacial Age, or the early Holocene, and were followed 5000-7000 years later by the sexual races. In the lower latitudes, such as in Mexico, the distributional patterns of sexual diploids and agamospermous polyploids are basically the same as those in the higher latitudes. The distribution range of diploids in some species is smaller than that of polyploids; however, diploids sometimes have disjunctively scattered and wide distributions in Mexico.
D I S T R I B U T I O N A N D VA R I AT I O N O F S T E V I A 95
The microfossil record has revealed the existence of cool temperate flora in the southern part of Veracruz in Mexico during the middle Pliocene before the ice age (Graham 1976 (Graham , 1989 (Graham , 1993 (Graham , 1999 . This indicates that the mountain regions of Mexico could provide a large refuge and an effective corridor for humid-subhumid temperate flora of North America throughout the glacial and interglacial ages (Martin & Harrell 1957; Graham 1993 Graham , 1999 Rzedowski 1993 ). In central Mexico, an orogenic movement uplifted the Trans-Mexican Volcanic Belt through the late Miocene to the Pleistocene. Such physiographical change and climatic undulation during the ice age is supposed to have affected the diversification of Mexican flora (Graham 1993 pine-oak forest, which is the main habitat of Stevia, could have existed in a stable condition throughout the last glacial period and the Holocene. The scattered and wide geographic distribution of diploids in species such as S. origanoides may be attributed to the geographically widespread and stable temperate flora that existed during the glacial period.
Moreover, the present morphological variation in the ploidy levels of S. ovata and S. origanoides seems to be due to multiple polyploidization events. This suggests that a large geographic distribution of diploids has been maintained in the past.
Even though the present distribution areas of diploids are not restricted to a single region, the distribution areas of polyploids are still larger in each of the Stevia species examined in the present study. It is known that some agamospermous races of Stevia of North and Central America, such as S. ovata and S. serrata, extend to the northern parts of South America (Grashoff 1972) , which may be a secondary range extension following human activity. The larger distributional range of polyploids, sometimes extending to the subtropical zone, may be due to their rapid colonizing ability. In addition, temperate forests in the past have been destroyed by increasing of human disturbance (e.g. following the Holocene). At Lake Patzcuaro, which is located within a region of temperate vegetation, pollen grains of Zea have been found dating from 3500 years ago to the present. This means that human activity had enough impact to modify the natural environment (Watts & Bradbury 1982) during this time period. In spite of the well-preserved temperate forests during the last glacial period, 30% of the total area of the humid temperate zone and 26% of the subhumid temperate zone are being used for agriculture and livestock at present (Toledo & Ordóñez 1993) . This artificial usage may be one of the reasons for the present disjunctive distribution of diploids and larger distribution of polyploids.
Because the temperate vegetation was maintained during the ice age in the lower latitudes, diploids of Stevia have also been maintained to a certain scale. This is why some diploid species still have wider distribution ranges within relatively isolated areas and wider variation in morphologies in Mexico than would be expected at the higher latitudes. 
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